Introduction
Artificial insemination with donor semen (AID) has been used successfully when male factors such as azoospermia, Rh incompatibility, and genetic disorders are indicated (Beck, 1974; Karow, 1980) . Bunge & Sherman (1953) first reported the use of cryopreserved human semen for AID. Since that time, frozen human semen has been used extensively for artificial insemination. Cryopreserved semen has several advantages over the use of fresh semen, including ease of scheduling both donor and patient and assurance of availability of known quality donor semen. Moreover, cryopreservation allows for the quarantining of donor semen until appropriate quality control measures can be implemented to ensure that the ejaculate is free of infectious disease before insemination (see Greenblatt et al, 1986) . However, fewer pregnancies have been reported using cryopreserved semen as compared to results utilizing fresh semen Ansbacher, 1978;  Quinlivan, 1979; Smith et al, 1981; Richter et al, 1984) . Reduced fertilizing ability of cryopreserved semen has been related to ultrastructural changes (Pederson & Lebeck, 1971) , decreased penetration of cervical mucus (Fjallbrant & Ackerman, 1969; Urry et al, 1983) and decreased post-thaw survival (Keel & Black, 1980) , and motility Keel & Karow, 1980; Thachil & Jewett, 1981) .
Several previous studies have examined the efficacy of various cryopreservation techniques for human semen (Zavos et al, 1980; Thachil & Jewett, 1981; Cohen et al, 1981; Taylor et al, 1982 ; Serafini & Marrs, 1986; Prins & Weidel, 1986) . However, few studies have evaluated the effects of freezing on the motility characteristics of spermatozoa. The commercial availability of an easy-touse microcomputerized system for precise measurement of semen parameters, including sperm velocity, has allowed more accurate description of semen characteristics (Burke & Kapinos, 1985) . In this report, we have utilized such a system to evaluate objectively the effects of cryopreservation on the motility characteristics of human spermatozoa. In addition, we have also examined the within-and between-subject variability of various semen characteristics before and after freezing.
Materials and Methods
The 164 ejaculates were obtained from 17 donors serving on an AID panel. Ejaculates were obtained by masturbation following 3 days of sexual abstinence. Semen was processed immediately upon liquefaction, and the semen analysis was performed at room temperature.
Quantitative, semi-automatic semen analyses were performed on undiluted semen (8 µ ) using a Makler Counting Chamber (Makler, 1980a (Burke & Kapinos, 1985 Six separate analyses were performed on a single ejaculate.
Pooled CV% = 15%.
After semen analysis, the ejaculate was frozen in liquid nitrogen using glycerol as the cryoprotectant as described previously (Keel & Karow, 1980) . Briefly, glycerol was added drop-wise to the semen with constant mixing to a final concentration of 10% (v/v). The diluted semen was aspirated in 0-5 ml straws and placed horizontally at 4°C for 30 min, -85°C for 10 min and subsequently plunged directly into liquid nitrogen for storage. After 24-72 h, an aliquant was thawed rapidly in running tap water and allowed to equilibrate to room temperature (15 min). Semen analysis on the thawed specimen was repeated as described above.
Statistical analysis was performed using one-way analysis of variance and Duncan's test when appropriate. For the purposes of calculating frequency distributions of ejaculates having normal semen characteristics, the following normal values established in our laboratory were used: sperm motility, >40%; sperm velocity, >20 pm/sec; motile density, >8 106/ml; motility index, >8 pm/sec.
Results

Semen analysis data
The semen analysis data for all ejaculates studied are shown in Table 2 . Cryopreservation resulted in significant (P < 001) reductions in velocity, motility, motility index and motile density. (Fig. la) . Greater than 98% of the ejaculates examined had prefreeze sperm velocities, motile densities and motility indices in the normal range (Figs lb-d) . Significant shifts in the distribution to the left were noted for all three measures after cryopreservation (Figs lb-d) . Post-thaw sperm velocities of <20 µ /sec were displayed by 39% of ejaculates (Fig. lb) , the post-thaw motility index (<8 µ /sec) was subnormal for most ejaculates (82%) (Fig. lc) (Table 3) . Donors Within-subject coefficients of variation The data obtained from these 5 donors were also used to calculate pooled within-subject coefficients of variation (CV%) for each semen measure before and after freezing (Table 4 ). The CV% ranged from 10 to 32% before freezing, with velocity demonstrating the least variation within-subjects and motile density the greatest variation. As a result of cryopreservation, the CV% was increased about 2-fold for motility, velocity and motility index. The within-subject variation associated with motile density was not altered by the freezing process. Post-thaw velocity displayed the least amount of within-subject variation while the CV% was the greatest for post-thaw motility index.
Discussion
Traditional methods for analysing sperm count and motility are fraught with highly variable and often unpredictable results. Research during the past 5-10 years has been directed towards replac¬ ing subjective methods of estimating sperm count and motility with more objective methods that will also provide accurate information concerning sperm kinetics. The multiple exposure pho¬ tography (MEP) system originally described by Makler (1978 Makler ( , 1980b ) is one such system. The recent commercial availability of an MEP system (Burke & Kapinos, 1985) that replaces the more cumbersome projection system of the original Makler method (Makler, 1978 (Makler, , 1980b (Makler, 1978) . The coefficients of variation for sperm count, motility and velocity can be calculated from the data in Table 2 of the paper by Makler (1978 106/ml and agrees with the results of Keel & Karow (1980) and who reported mean sperm counts of 151 106/ml and 149 106/ml, respectively, for frozen semen. The average prefreeze motility reported here is somewhat lower than the observations of others Keel & Karow, 1980) and probably reflects the techniques used for motility determination. Makler (1978) previously reported that subjective estimates of motility yield a value about 20% higher than those determined objectively. Prefreeze velocity in this study averaged 30 µ /sec. This value is in agreement with those of others who have evaluated prefreeze velocities by MEP in a population of semen donors (Cohen et al, 1981; Serafini & Marrs, 1986 ) (29 and 33 µ /sec, respectively). Mathur et al (1986) , utilizing cinematography to evaluate sperm velocity, observed a mean swimming speed of 30 µ /sec for fertile donors and suggested that this value may define a discriminatory boundary between fertile and infertile men. Similar conclusions have been reached by others (Milligan et al, 1980; Holt et al, 1985) . However, because of the known effects of temperature on sperm velocity (Milligan et al, 1978; Makler et al, 1981) , care must be taken when comparing velocity measured at room temperature (present study) versus 37°C.
The motility index, originally defined by MacLeod (1951) , is calculated in this study by the product of sperm velocity and motility. This calculation is an attempt to characterize the kinetics of spermatozoa by a single measure. Burke & Kapinos (1985) observed that the motility index of spermatozoa was markedly increased by sperm rise techniques, and Mathur et al. (1986) reported that the motility index value for fertile men was significantly higher than for infertile men. The average motility index value reported by Mathur et al (1986) for fertile men is comparable to the findings of the present study (17 µ /sec and 19 µ /sec, respectively). The relative significance of the motility index in the evaluation of male infertility remains to be established.
Cryopreservation resulted in a significant reduction in the semen parameters measured. Sperm motility was reduced by over 50% representing a percentage recovery (percentage survival) of 43%.
Percentage recoveries of 34-76% have been reported by several previous studies (Behrman & Sawada, 1966; Beck & Silverstein, 1975; Keel & Black, 1980; Keel & Karow, 1980; Taylor et al, 1982) , and depend to a large extent upon the cryoprotectant and the method of freezing employed. Cohen et al (1981) and Serafini & Marrs (1986) , utilizing a similar MEP system, observed percentage survival rates of about 35-36%. In the present study, the postthaw motile density was only 35% of the prefreeze value. Taken together, these studies indicate a 60% loss of the number of motile spermatozoa as a result of cryopreservation.
Cohen et al (1981) and Serafini & Marrs (1986) Significant differences were noted in the sensitivity of semen from different donors to cryo¬ preservation. In general, most donors displayed a similar percentage decrease in motility, velocity, motility index and motile density as a result of freezing but there were some notable exceptions. Semen from Donor A exhibited a greater resistance to changes in motility, motility index, and motile density, while semen from Donor proved to be the most sensitive to cryopreservation. Donor D exhibited marked resistance to alterations in sperm velocity. These data point to the difficulty in predicting the outcome of ejaculates subjected to freeze-thaw procedures. The reasons for the differences in sensitivity of donor spermatozoa to cryopreservation remain to be elucidated.
Of the semen parameters measured in the present study, velocity proved to be the least variable. On the other hand, motile density appeared to be associated with the greatest within-subject variation. Post-thaw analysis revealed an overall increase in within-subject variation, with velocity again showing the greatest reproducibility within donors. Considerable variation within semen donors has been reported previously (Poland et al, 1985) . The relatively small sample size in the present study precludes accurate comparison of within-subject variation with that of other studies. The results presented here do, however, clearly suggest that (1) considerable variation exists within donors with respect to prefreeze semen parameters, (2) this variation is markedly increased after cryopreservation, (3) velocity appears to be the most stable semen characteristic measured, and (4) motility density and motility index display the greatest variation.
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